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STUDIES IN CONFIGURAL CONDITIONING VII. 
RATIOS AND ELEMENTS IN SALIVARY CONDITION. 
ING TO VARIOUS MUSICAL INTERVALS* 


By G. H. S. Razran 
Columbia University 


THE PROBLEM 


Klestchov (’33) found that the salivary CRs of two dogs 
conditioned to a fifth—c* — g*—on a harmonium in one oc- 
tave generalized much more to intervals in other octaves 
when these intervals were fifths than when they were thirds. 
Klestchov’s results cannot be explained by identities or simi- 
larities of overtones or combination tones or by octave qual- 
ity, since his tested intervals were as a rule not in the same 
key as his trained interval. Indeed, as far as these factors 
are concerned, his transposition thirds were in some cases 
more like his trained fifth than his transposition fifths, as 
when his thirds were g — b’s and his fifths d# —a#’s. His 
findings, then, point clearly towards ratios per se as genuine 
CR determinants. 

In the present experiment Klestchov’s pioneer study was 
extended to include a variety of trained and transposed 
musical intervals and to investigate, in a preliminary fash- 
ion, some of the many significant problems that are thereby 
readily suggested. These problems were in the main as fol- 
lows: First, if ratios per se are determinants of condition- 
ing and conditioning properties, are there any differences 
between the conditionabilities—ease and magnitude of CR, 
extinction, recovery, generalization, and the like—of differ- 
ent ratios? More specifically, are there any differences be- 
tween the conditionabilities of the ratios of the 12 intervals 
of our musical scale? And, are any such differences in some 
way related to our subjective judgment of the consonance 
and dissonance of these intervals? Second, what is the 
course of the generalization or transposition of these ratio 
CRs? How is this generalization or transposition affected by 
octave distances, as they change the absolute values of the 
constituent tones of the intervals, by octave position, as it 
shifts the alleged octave-quality of these tones, and by both, 
as they alter the possibilities of overlapping overtones and 
combination tones? Third, what, in general, is the relation 
of this ratio transfer to the more usual CR transfer based 
upon similarities in absolute values of stimuli? How much 
does each contribute to the total CR transfer from the con- 
ditioned musical intervals? Finally, how are all these fac- 
tors of conditioning efficacy and transposibility of various 
musical intervals influenced by habituation and CR train- 
ing? Adult human beings were used as subjects in this ex- 
periment, but it is fully realized that some of the funda- 
mental questions posed here cannot be radically answered 
without the use of animals. 


PROCEDURE 


The writer’s general salivary CR technique with adult 
human subjects has been described before (2, 3) and will 
not be further detailed. It consists, first, of measuring sali- 
vation by increments in weights of dental cotton rolls (John- 
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son and Johnson, No. 3, 0.5 x 1.5 in.) inserted under the sub- 
jects’ tongues for a short period of time, usually one minute. 
To prevent evaporation, scale-corrosion and absorption, the 
rolls are weighed in small envelopes and reweighed in the 
envelopes immediately after the removal of the rolls from 
the subjects’ mouths. Since the cotton-in-the-mouth is by 
no means a totally inactive stimulus, periods of control 
salivation must be rotated with experimental periods, but 
the weighing itself need not be more accurate than to one 
cg., mg. accuracies being as a rule a superfluous refinement. 
‘Secondly, the technique involves presenting a series of 
stimuli during eating periods of 2-4 minutes and misinform- 
ing the subjects about the purpose of the experiment so as 
to forestall disturbing subjective attitudes and association 
sets. Series of stimuli and comparatively long eating periods 
are used, as it was found that misinforming is unsuccessful 
and association sets can hardly be averted with the tradi- 
tional single-conditioned-stimuli-plus-brief-reinforcements 
method. 

In the special procedure of this study the “given” purpose 
of the experiment was “to discover the influence of music 
on digestion,” the eating periods—pretzels, tea-sandwiches, 
lollipops, and chewing gum—were of 2 minutes’ duration, 
and the conditioned stimuli were the 12 musical intervals 
(excluding the natural minor seventh) in the c?—c*® (c?=132 
cycles) octave of a Stoelting just harmonium. There were 
4 subjects, and each subject was trained to—what might 
be called—a simple ratio, a medium ratio, and a complex 
ratio—or a simple consonant, complex consonant, and a dis- 
sonant—interval. Subject A was conditioned to an octave, 
a major third, and a minor fifth; subject B—to a fifth, a 
minor third, and a major seventh; subject C—a fourth, a 
minor sixth, and a major second; and subject D—to a major 
sixth, a minor seventh, and a minor second. In general, each 
experimental session consisted of 8 two-minute eating pe- 
riods and of 8 five-minute testing periods, and altogether 
8 such main sessions were made with each subject. During 
the eating periods each of the 3 musical intervals of each 
subject was sounded 8 times in random order and at varying 
time intervals. No measurements of salivation were then 
taken. During the testing periods each interval was tested 
separately for the conditioned salivation which it acquired, 
each test lasting one minute and containing 12 successive 
soundings of the interval. Two of these one-minute tests of 
each five-minute testing period were used to measure con- 
trol salivation, and 3 of the total 8 testing periods of each 
session were given to transposition trials, in which the CRs 
of untrained intervals, related in different ways to those 
trained, were determined. There were 8 kinds of transposi- 
tion tests: (1) same intervals, one octave lower, same key; 
(2) same intervals, one octave lower, different key; (3) same 
intervals, one octave higher, same key; (4) same intervals, 
one octave higher, different key; (5) same intervals, 2 oc- 
taves higher, same key; (6) same intervals, 2 octaves higher, 
different key; (7) different intervals but the same octave 
and a common note; (8) different intervals, same octave, 
but no common note. The transposition tests were applied 
in random order in the course of the experiment, allowing 
each trained interval 3 random tests with each of the 8 kinds 
of transpositions. There were also extinction tests—20 suc- 
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cessive non-reinforced trials of each trained interval, be- 
gun a few days after the end of the training—and ratings 
of the intervals on a (+3, —3) pleasantness-unpleasantness 
scale. (The ratings were begun only after the extinction, as 
their exercise during the experiment was shown to interfere 
with its success; for this and for other reasons, the writer 
hesitates to attach any special import to them.) In all cases, 
the experiment was conducted between 3 and 5 o’clock in 
the afternoon, and the experimenter took extra preliminary 
practice to insure uniformity in the loudness of the different 
tones; it is not believed that this loudness factor played any 
perceptible differential role in the conditionings. 


RESULTS 


A summary of the main results is given in Tables 1-2. In 
Table 1 are presented the mean magnitudes of the CRs of 
all the 12 trained musical intervals in each successive ex- 
perimental session, the means being results of 5 trials. In 
this Table are also shown the mean magnitudes of the CRs 
and their P.E.’s in all the sessions, the per cent of extinction, 
or the per cent of the drop in the magnitudes of the CRs 
from the first 3 to the last 3 trials in the extinction series, 
and the ratings as averaged from 4 trials. In Table 2 are 
entered all the data on conditioned salivation in transposi- 
tion trials expressed as percentages of this salivation in 
regular trials. Means are offered here for both each musical 
interval and each kind of transposition. 

Examining these results, with due allowance to the small 
number of cases and the variety of interacting factors, the 
following still seem to stand out. First, there obviously were 
marked differences in the conditionability of the different 
musical intervals. The differences were in ease of condi- 
tioning, magnitude and persistence of the CRs, degree of ex- 
tinction, and scope of transposition—and the differences did 
not run in the same direction. In ease of conditioning, the 
more complex ratio or dissonant intervals were clearly be- 
hind, as watch the insignificant conditioning in the first few 
sessions to the minor second (16:15), the major second 
(9:8), the major seventh (15:8), and to some extent also to 
the tritone (45:32; Table 1: rows 12, 9, 6, and 3 respective- 
ly). On the other hand, in magnitude and persistence of the 
conditioning, some superiority of the complex ratio intervals 
is evinced, although this tendency is by no means well de- 
fined. The octave (2:1) is unmistakably below the major 
third (5:4; rows 1 and 2) and in the last sessions the CRs 
to the dissonant intervals are rather steady and even as- 
cending, but the fourth (4:3) is above the minor sixth 
(8:5) and the fifth (3:2) and the minor third (6:5) are 
nearly equal in effect (rows 7, 8 and 4, 5). However, in ex- 
tinction and to a lesser degree in transposition the complex 
ratio intervals showed greater CR stability and transfer. 
Extinction was highest (64%) with the octave and lowest 
(18%) with the major second, and in no individual subject 
did the most complex of the 3 intervals produce a greater 
drop than the most simple of them. Transposition, likewise, 
varied directly with the complexities of the intervals in two 
subjects, while in the other two subjects the differences 
were too small and too variable to denote any constant trend 
(Table 2). 

Now, as to an analysis of the factors of transposition, the 


CONDITIONING TO MUSICAL INTERVALS 


‘puooas 
‘yyueAes JOUTUI Jofeur ‘puodes ‘YYXIS JOUTUI ‘YyZINOJ JOf[eW JOUTUI 
UT Ieedde YOTYA UT Jepro ay} UT JO ZEI — 7d, 


SI+es Ot Tt bf Gt OT OT 

OF TI+0'8T €% FT GI OL Or a 

9% 02 92 BI OT 6 — 8 

00% 9F ES Le OF TE GS BI 29 L 
9€ Oot Of TT O F 9 

St 02 2 LZ GZ OT 24a — 

OZ T 0s br Of 6T LI FZ BI PFT 33 — a 

bE 9t Of 6f Gt PT BI PF — 


jo % -qng 
JO ST pue (g— ‘g+) B UO SBM JO ISI 
JO SapnyuseW Aq JO B JO UT OY} UT SYO 94} Jo sepny 


94} Ul 94} Aq poyndwioH sem JO Jod ‘S[BILL JO ST 


WOINOWUVH V AO AAVLOO 720 
V NI STIVAUGLNI TVOISAW SNOIUVA OL NVWOH LINdV dO ONINOLLIGNOO AUVATTVS 


> 
Wis 
er 
= 


“puosas 
Jofeul ‘8AB}00 94} UT Ivadde Ady} YOTUA UT UT 94} JO ZET — 


8°82 8 8°6S 8°69 T0S 09 
9S 09 6S 0s OL 99 (44 8S — 
0°6S OF 09 8S OL 9¢ OL — 
OF 09 99 08 8L 9L a 
LP vE OF 0s 9F os 0c 9S — 
209 8h 9S 9P bP OL bL 08 8L 248 — 
9% 0€ 09 29 08 99 OL — 39 
92 os OL 89 0S cs —;9 
ce GZ LP 09 TS ¢9 24a — 
9°0F Ts OF 61 6h TS cP a 
0€ 9€ €L 69 8€ 0s 24 — 
= or 0€ 8€ 92 8S 0€ 79 — 
8 (a3 02 OF 9F 0€ 8€ — Vv 
-wod OU aures aures aures 
1948400 Sorel ‘omer ‘ore. peuol -qng 
uortsodsuviy, JO Spurs 


CSTRILL Ut spn} W /STBLLL 
Ul YO JO epnyuseyW X OOI Jog B SB passaidxg SI puv JO ST AljUM YOR 
WOINOWUVH V JO AAV.LOO :0 — AHL NI SIVAUALNI 'TVOISOW 
SQOTUVA OL SLOGANS NVWOH LINdV AO SHO AUVATTIVS JO (NOLLISOdSNVUL) NOLLVZITVUANAD 


374 


4 
| 
| 
| 
| 


CONDITIONING TO MUSICAL INTERVALS 375 


results, first, corroborate those of Klestchov in indicating 
that ratios per se are the chief transfer determinants and 
that identities of overtones, combination tones, and alleged 
octave-quality are only secondary contributories. When the 
transposition intervals—or ratios—were the same as those 
trained, the differences in transfer between sounding them 
on the same and on different keys were rather small (mean 
% 60.4 vs. 50.1, 64.8 vs. 59.8, and 44.8 vs. 41.5), even though 
it is of course obvious that changing the keys manifoldly re- 
duced the perceptible tones common to the trained and the 
transposition intervals, not to speak of the changes in al- 
leged octave-quality. Again, the amount of transposition to 
intervals one octave lower was not greater than to those one 
octave higher despite the known fact that the lower notes 
are much richer in partials. Still, inasmuch as the differ- 
ences between playing on the same and on different keys 
were reliable and consistent throughout, they show that the 
partials and the combination tones are not without some 
significance in the transposition of musical intervals. Sec- 
ondly, the findings of this experiment point towards a 
gradient conception of transposition rather than to an “all- 
or-none” or “equivalent-stimuli” principle of its manifesta- 
tion. As the octave distances increased, the tested intervals 
did not at first produce the CR without decrement and then 
suddenly, at some critical point, fail to elicit it at all, but 
the conditioning was a gradually and regularly diminishing 
function. The mean per cent magnitudes of the transposed 
CRs were 60.4+4.2 for one octave lower, 64.8+6.1 for one oc- 
tave higher, and 44.8+3.8 for intervals two octaves higher 
than those originally trained. Finally, the constituent tones 
or the “relata” of the intervals were not completely non- 
functional as such and did acquire CR characteristics by 
themselves. Some conditioning was present even with 
radically different intervals, and there was reason to believe 
that this ensued not from pattern or ratio but from single- 
stimulus transfer. However, while “element-action” did not 
altogether disappear and was often coexistent with or con- 
tributory to ratio action, the ratio action as such was truly 
supra-summative in nature. It again and again manifested 
itself when the constituent elements or tones were either 
totally ineffective or effective to only a small degree. 


DISCUSSION 


The results of the present experiment may be best dis- 
cussed in coalition with the writer’s six previous studies on 
salivary conditioning to form and color patterns of light 
stimuli. Sound patterns are, to a large extent, better adapted 
for this type of investigation, since their physical relations 
are as a rule simpler and particularly since psychologically 
they are much less complicated by meaning, naming, and 
past associations—“what is it,” “what is it called,” “what 
does it remind me of.” On the other hand, they are as- 
sumedly more suffused with affective qualities. In general, 
however, the two modalities, more specifically the tone and 
the form manifolds, have yielded results on pattern condi- 
tioning that are quite comparable and accordant and that 
oppugn each other in only minor respects. The accordant 
results are in the main as follows: 

A. Conditioned responses may be established to patterns 
or ratios of light or sound stimuli even though the com- 
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ponent stimuli of the patterns or the elements of the ratios 
are by themselves either totally ineffective or effective in 
only a small degree. These pattern CRs differ from the 
usually studied single-stimuli CRs in that they are more re- 
sistant to extinction, are better retained after a lapse of 
time, and especially in that with training the range of their 
transfer—or generalization or transposition—becomes wider 
rather than narrower, as is the case in single-stimuli condi- 
tioning. 

B. As a rule, the element or the component conditioning 
does not disappear but coexists and interacts with the pat- 
tern or the ratio conditioning. Statements that “the whole 
determines the parts” or that “the parts determine the 
whole” are both true, or rather are only half-truths in that 
they fail to account for the continuous part-whole interac- 
tion of the total.dynamic function. 

C. The basic determinants of the direction of CR pat- 
ternization, of “good” and “poor” CR patterns are psy- 
chological, acquired, and changing rather than physical, 
preformed, and fixed. The only “principle of patternization” 
observed was a simple-complex trend, a tendency to first 
form CRs to the simple groupings (simple ratios, forms, color 
combinations) of the laboratory task and then to condition 
to the more complex arrangements. The limits and steps of 
such a trend are of course themselves complexly dependent 
upon each individual’s total dynamic history, although there 
is no doubt that, within a certain stage of culture and of 
biological and psychological development, a simple-complex 
scale of pattern relations in each of the several modalities 


may possess a high degree of uniformity and applicability. 
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